Toxic effects due to the inclusion of large amounts of individual amino acids in the diet have frequently been noted. In the course of studying the influence of diet on ribonucleic acid (RNA) metabolism in the liver, Munro & Mukerji (1958) gave eighteen amino acids individually in I g quantities to rats and observed considerable increases in the uptake of 32P by liver RNA after administration of glycine, methionine and leucine.
the effects of protein deficiency on the response to amino acid administration, the animals were depleted of protein by including 2.2 g carbohydrate in place of casein in the evening meal. The rats quickly learned to consume these meals promptly. After they had been several days on the diet, the test protein or amino acid was substituted for the protein of the evening meal; control animals received only the carbohydrate and fat of this meal.
After I h, 40 pc of [32P]orthophosphate were injected intramuscularly. The rats were killed the next day, 18 h after injection of the isotope. The period of labelling thus coincided with absorption of the final meal.
Removal and analysis of liver. Under ether anaesthesia, the liver was perfused with 0.9 yo (w/v) NaCl, then excised and analysed for ribonucleic acid phosphorus (RNA P) and deoxyribonucleic acid phosphorus (DNA P) by procedures described previously (Clark, Naismith & Munro, 1957) . The amount of RNA P was then expressed as mg/mg DNA P, which takes advantage of the observation of Thomson, Heagy, Hutchison & Davidson (1953) that the DNA content of the livers of mature rats is a measure of cell number which is unaffected by diet and in consequence can be used as a standard of reference for other constituents of the liver cell. The specific activities of the inorganic phosphate of the liver and of the individual ribonucleotides of liver RNA were measured by procedures described previously (Clark et al. 1957) . These specific activity values were used to compute the relative specific activities of RNA P (specific activity of RNA P as a percentage of the specific activity of the inorganic phosphate fraction of the same liver). I n order to estimate the total incorporation into RNA P per liver, the total relative activity (Campbell, Olley & Blewett, 1949) was obtained by multiplying the percentage figure obtained for relative specific activity by the total amount of liver RNA P in mg/mg DNA P.
Test protein and amino acids. The casein was of unextracted grade (Glaxo Laboratories Ltd, Greenford, Middlesex). The amino acids were commercial preparations (British Drug Houses Ltd, Poole, Dorset). The glycine was AR quality; the L-leucine was stated to contain traces of L-isoleucine.
R E S U L T S
In the first series of experiments, the effect of protein depletion on the metabolic response to amino acid administration was examined. I n confirmation of previous evidence (Clark et al. 1957) , Table I shows that protein deprivation of more than I day's duration caused an increase in 32P uptake by liver RNA; this effect was evident both for the animals given no amino acids and for those fed with individual amino acids. Irrespective of the period of protein depletion, more 32P was incorporated by animals receiving an amino acid in the final meal. Analysis of variance of the results confirmed that amino acid administration had a significant effect on RNA metabolism (P < 0-or), and that the magnitude of the change was not significantly altered by protein deficiency (P > 0.05 for interaction between treatment and duration of depletion).
I n the second group of experiments, the effect of including protein in the final meal https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19620027
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Diet and ribonucleic acid metabolism 259 was examined. Animals trained on an adequate diet to consume food rapidly were given a final meal which included different amounts of casein along with glycine or methionine. Casein administration by itself has been shown to stimulate incorporation of 32P into liver RNA (Clark et al. 1957) . Table 2 shows that this did not occur as a linear response to the amount of casein administered, no effect on RNA metabolism being noted until I g casein had been included in the final meal. Combination of Table I . Liver ribonucleic acid metabolism after administration of glycine, methionine or leucine to rats receiving a protein-free diet (The rats were given the protein-containing diet for several days and were then fed on the protein-free diet. After 0, 3 or 7 days of depletion, the animals were given a final meal of cdrbohydrate and fat, to which was added I g glycine, L-methionine or L-leucine; 40 pc 32P were injected I h after the final meal and the rats were killed 18 h later. Each entry is the mean value, with standard error, for three rats. Values in parentheses are the percentage increases in casein with 0.5 g glycine had an additive effect on RNA metabolism up to I g casein but not when 2 g casein were given with the glycine. The combined stimulus due to casein and methionine was no longer additive when the meal included I g casein and the stimulant action of 2 g casein was in fact reduced by addition of methionine to the meal. This was presumably due to interference by methionine with the digestion and absorption of casein, since rats receiving 0.5 g methionine in the final meal invariably had a considerable amount of food in their stomachs when killed 18 h later. This effect of methionine on gastric emptying has been observed previously (Munro & Mukerji, 1958) .
D I S C U S S I O N
The toxic effects of large doses of amino acids are greater when the acids are added to a diet deficient in protein (Harper, 1958) . Table I shows that the action of excessive amounts of glycine, methionine or leucine on liver RNA metabolisrn was not modified by the protein content of the diet when the amino acids were given apart from the dietary protein. This effect can be contrasted with the action of excessive amounts of glycine or methionine when given in a meal along with protein. Table 2 shows that, at low levels of protein intake, the stimulant actions of the dietary protein and of the amino acid on RNA metabolism were additive, but at higher levels of protein intake they ceased to be so. This may have represented a reduction in rate of absorption of the amino acid in the presence of appreciable amounts of protein in the same meal.
Wiseman (1955) has described a powerful inhibitory effect of methionine on the absorption of other amino acids from the intestinal lumen. This phenomenon is unlikely to have played a part in the effects we have observed in the liver, since our results showed an action of methionine on liver RNA metabolism even in animals receiving a protein-free diet. Other evidence (Munro & Mukerji, 1962) demonstrates that stimulation of adrenocortical hormone secretion is the most likely explanation for the action of methionine on liver RNA metabolism.
S U M M A R Y
I . The uptake of 32P by liver ribonucleic acid was measured in rats receiving large doses of glycine, methionine or leucine.
2. When given along with carbohydrate and fat, each amino acid caused a considerable increase in 32P uptake which was not significantly influenced by the protein content of the preceding diet.
3. Inclusion of protein in the same meal as the amino acid resulted in no modification of the response at low levels of protein intake, but with large amounts of protein the actions of glycine and of methionine were inhibited.
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